Abstract. In this contribution, we discuss the possibility of meta-stable supersymmetry (SUSY) breaking vacua in a perturbed Seiberg-Witten theory with Fayet-Iliopoulos (FI) term. We found meta-stable SUSY breaking vacua at the degenerated dyon and monopole singular points in the moduli space at the nonperturbative level.
Let us consider a tree-level Lagrangian
Here L N =2
SQCD is the Lagrangian for N = 2 SU(2) ×U(1) super Yang-Mills with N f = 2 massless fundamental hypermultiplets 
where V 2 , A 2 and V 1 , A 1 are vector and chiral superfields belonging to the SU (2) and U(1) vector multiplets respectively. The chiral superfields Q r I andQ I r are hypermultiplets that are in the fundamental and antifundamental representations of the SU(2) gauge group (r = 1, 2 is the flavor index, and I = 1, 2 is the SU(2) color index). W is the N = 1 superfield strength and τ i j are complex gauge couplings.
The second term L soft is the soft SUSY breaking term given by
In L soft , µ 1 , µ 2 are masses corresponding to U(1) and SU(2) part of the adjoint scalars and λ is the FI parameter. In the absence of L soft , the gauge symmetry is bro-
where q,q are hypermultiplet scalars. Once we turn on L soft , there are SUSY vacua on the Coulomb and Higgs branches. We are going to investigate the quantum effective action on the Coulomb branch.
QUANTUM THEORY
The exact low energy effective Lagrangian is described by light fields, the SU(2) dynamical scale Λ, the Landau pole Λ L , the masses µ i (i = 1, 2) and the FI parameter λ . If the perturbation terms are much smaller than the dynamical scale Λ, the effective Lagrangian L exact is given by
Here the first term L SUSY describes an N = 2 SUSY Lagrangian containing full quantum corrections. The second term L pert. includes the masses and the FI terms in the leading order. First we consider the general formulas for the effective Lagrangian L SUSY . The Lagrangian L SUSY is given by two parts, vector multiplet part L VM and hypermultiplet part L HM ,
The L VM part consists of U(1) c and U(1) vector multiplets. The effective Lagrangian for these vector multiplets is
where
is a prepotential as will be discussed below. The effective gauge coupling τ i j is defined by τ i j =
where M r ,M r are chiral superfields and V 2D , A 2D are dual variables of V 2 , A 2 . These hypermultiplets correspond to the light BPS dyons, monopoles and quarks. which are specified through the appropriate quantum numbers (n e , n m ) n . Here n e and n m are the electric and magnetic charges of U(1) c , respectively, whereas n is the U(1) charge. The potential is a function of M,M, a 1 , a 2 . We found stationary points along M,M directions at (1) M = M = 0 and (2) M = 0,M = 0. The potential value at each stationary points are evaluated as
where U = U(a 1 , a 2 ), S = S(a 1 , a 2 ) > 0 are functions of a 1 , a 2 and M ≡ |M| = |M| [6] . The stationary point (10) where the light hypermultiplet acquires a vacuum expectation value by the condensation of the BPS states is energetically favored because S > 0. Due to the abovementioned reason, we focus on the singularity points in the moduli space. To find the explicit potential, we need the moduli space metric, and hence the prepotential. The monodromy transformation around the singular points in the moduli space dictates us that the U(1) modulus a 1 can be interpreted as the common hypermultiplet mass m in the SU(2) gauge theory. This fact implies that the prepotential in our model is given by
where (2) is the prepotential for SU(2) massive SQCD with common mass m ≡ √ 2a 1 . The constant C is a free parameter which is used to fix the Landau pole Λ L to the appropriate value 1 . The singular points on the moduli space are determined by a cubic polynomial [7] . The solutions of the cubic polynomial give the positions of the singular points in the u-plane. In the case N c = N f = 2 with a common hypermultiplet mass m, which is regarded as the modulus √ 2a 1 here, the solution is obtained as
The singular points correspond to dyons, a monopole and a quark. The behavior of the singularity flow along a 1 direction can be found in [6] . At the singular points in the moduli space, a 2 and a 1 are related to each other and the potential is a function of a 1 only. To find the stationary points of the potential along the a 1 direction is a difficult task and we need the help of numerical analysis. Let us start from the µ 1 = λ = 0 case. Fig. 1 shows the global structure of the potential along the Re(a 1 ) direction. As a result, we found the global SUSY minima at a 1 = 0 in the degenerated dyon and monopole singular points.
Next, let us turn on µ 1 and λ . In the presence of the soft term, the gauge dynamics favors the monopole and the dyon points at a 1 = 0 as SUSY vacua besides the runaway vacua. It implies that if we add µ 1 = 0, λ = 0 terms which produce a vacuum at a point different from a 1 = 0 at the classical level, SUSY is dynamically broken as a consequence of the discrepancy of SUSY conditions between the classical and the quantum theories. Actually, turning on the mass µ 1 and the FI parameter λ realizes such a situation. In this case, the classical vacuum is at a 1 = −λ /µ 1 , different from the point a 1 = 0 which the dynamics favors. A resultant SUSY breaking vacuum is realized at non-zero value of a 1 . This is very similar to the SUSY breaking mechanism discussed in the IzawaYanagida-Intriligator-Thomas model in N = 1 SUSY gauge theory [8, 9] . We show a schematic picture of our situation in Fig. 2 . Let us see in detail how this works for non-zero values of µ 1 , µ 2 and λ . Fig. 3 shows the evolution of the potential energies at the monopole point V 3 min for several values of λ as a function of Re(a 1 ) with µ 1 = µ 2 = 0.1. The potential minimum is no longer realized at a 1 = 0, but the location is shifted to negative values of Re(a 1 ) as is expected from the discussion in the previous paragraph. Furthermore, the potential energy has a non-zero value and therefore SUSY is dynamically broken. We find that the potential energies at the left and right dyon singular points also have the same structure. A qualitative picture of the evolutions of the potential minima is depicted in Fig. 4 . In addition to these local minima, there are supersymmetric vacua on the Higgs branch which survive from the quantum corrections. We estimated the decay rate from our local minima to the SUSY vacua on the Higgs branch and found that the decay rate can be taken to be very small. This means our local minima are nothing but meta-stable SUSY breaking vacua.
